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SEP GUT 

SOl'3; SYSTEMATIC MODEL SXPEEIKEITT3 OP THE 
30V;- SPRAY CH-xSAGTESISTICS OF ?LYniC-30AT 
HULLS OPESATIHG AT LOW SPEEDS IIT WAVES* 
3y ?. W. S. Locke, Jr. 

SUi^MAHY 

^Tests were run in the 5x-oer imental Towing- Tank at 
the otevens institute of Technolo-y on models of tvo --1^^- 
ing^toats, the XPSsK-l and the X?35_l, on a model of a " 
nT?J^° Joat^that at present is in the design sta^e. the 
^iih-i, ana on ^1 otner models derived froa the XPBpM-1 
to determine the effect of hov form on the amount of spray 
tnrown onto tne windshield of a fl,-ing Doat in rough vateJ 
1%S '^"^ ^ariahles studied include the 

tne eifeco oi loreboay v.-arping. the effect of chanres of 
the oo,r alone, and the effect of after^cody angle. 

A,r>^,Vi\^''!^l^^ obtained fro., tests of these models i n- 

ll^tft ^ reduced hy (l) increasing the hull 

the t'"' especially, the forebody length/-(2) increasing 
Itt. .^-"^^^f^^s" the tov; lines helov the chine, (r.) . n- 
r^ltr r-^'*'^ -'^^^ ^ov; form is su^h tiat 

It^lrlltl'^t '?'^^ otherwise occurs, and (4) decreasing 
nitcrv .;"th ^"^^--^ changes arc listed a^proxi-'^ 

vie! Of °- '^^-^^-^ iinportance frcn: the ^oint o^ 



S^eclJ C;h;"ac eristics of riylng-3oat Hulls at lo« 
bpe^ds la ,avos ^.nc ount sr cd Head-on," by ?. . s loc^a Jr 
nLtTc'JTnlA^' reference or lean !n tLe Office of - ' 

.ailed desc^ip :-on-rtL\:e:; »: t-^^d-L^f t'.r ?e 

"ri :rL°s:is-\°:°fer"° °^ - --^^ 
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The general conclullon appears to lieVarranted that 
anv change in hull form which softens the impact "between 
hull and waves tends to reduce the spray thrown onto the 
windshield at low speeds. 

INTRODUCTION 



V/ar conditions have accentuated the need for flying 
toats which are a"ble to operate in reasonably heavy v/eather 
with a maximum of safety. At the same time, the decreasing 
average of pilot experience has focused attention on the 
need for ease of operation. In the past there has "been 
less emphasis on the seagoing qualities of flying "boats 
than on other characteristics. 

One of the pro"blems met vrith in rough v/ater is that 
spray thrown up hy the how of the hull at low taxying * 
speeds may strike the vrindshield and ohscure the pilot^s 
vision for an appreciahle time during the take-off run. 

Undesirable "bov; spray has also been encountered even in r 

smooth v/ater operation of some flying boats operating in 

an '^overload" condition. Besides obscuring the pilot^s 

vision t emporar ilj;- , the spray may also leave a salt deposit 

on the vrindshield which tends to obscure vision for the 

whole flight. This is always unpleasant and may be highly 

dangerous . 

The forebody of a flying-boat hull causes at least 
tv/o more or less distinct types of spray (reference l). 
These are indic.^^ted in the following sketches: 
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Sump occuru at 



= Approx. 2.8 



The first type grows out of the hov/ v/ave at very low 
speeds and "builds up in the form of a blister of increas- 
ing height with the peak progressively farther aft as the 
speed advances toward the planing range. Although influ- 
enced to some extent "by rough water, this type may "be 
considered primarily a smooth water characteristic and 
studied as such. The second type of fore"body spray is 
primarily a rough water characteristic and is attri'buted 
to the impact with head seas of the relatively blunt "bow. 
It is this type \Nrhich is particularly oh ject i ona"ble in 
obscuring vision through the v/indshield and which is 
dealt with in this report. 

In order to ascertain the causes of adverse bow-spray 
characteristics, an investigation was conducted at the 
Stevens Institute of 'Technology under the sponsorship and 
with the financial assistance of the Bureau of Aeronautics, 
Navy Department. The information obtained in this research 
was considered to be of such general interest and of such 
extreme value to the designers and operators of flying 
boats that, at the suggestion of the Bureau of Aeronautics, 
this report was prepared for the ITational Advisory Committee 
for Aeronautics in order that the more important results 
could be made readily available to interested parties. 



DESCHIPTIOIT OF MODELS 



ITourteen models were selected for the test, two being 
models of actual flying boats, the XP32M-1 and the XPBB-.1 , 
One was a model of a flying boat that is at present in the 
design stage, the "tTHM-l.'* while the remaining 11 were 
models derived from the XPB2M~1 to permit the evaluation 
of the effects of quite different bow sections on the bov/- 
spray- characteristics. The variables studied included a 
comparison of actual or proposed flying b,oats, the effect 
of length-beam ratio, the effect of hull dead rise, the 
effect of forebody warping, the effect of changes of the 
bow alone, and the effect of afterbody angle. The follow- 
ing tabulation gives the designation of the various groups, 
the variables studied, and the model designation: 
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Grr oup 


I^e script i on 


Significant | Model 
paramet er Ida si.^nat i on 


A 


Actual or proposed 
flying Doat s 


XPE2xM~l 
XPBB-l 
1 "JRM-l" 


i 

441-1 
417-29 


3 


Altered length,- 
team ratio 


r 

j L/3 = 5.07 
L/B = 6.19 
L/B = 7.32 
L/E = 8.45 


339-22 
339-1 
339-23 
339-46 


c 


Altered hull j io° dead rise 
dead rise 20° dead rise 

j 30° dead rise 

— ■ — ■ : . 


400- 1 
339-1 

401- 1 


D 


Altered forebody | 
varDing 1 

i 


1 . V^/b warping : 
5.4'^/b warping 
10.8 /b warping | 


33S-1 
339-39 
33 9-41 


E 


Altered bow sec- 
tions 


"Fuller" i 
Normal { 
"Finer" | 


339-18 
339-1 
33 9-4 7 


F 


-Altered afterbody 
angle 

1 


5^ afterbody angle; 339-29 
?^ afterbody angle! 339-1 
9 afterbody anglej 339-45 



bodies Ti^^'Z? ^' ° ^^^^ ^^^^^ after, 

todv of -v'o'/^ m groups v, E, and 5- used the after- 

of ■ ' '''^^^^'^ ^-i-t Of the particulars 

01 ail one Eoaels is given in table 1. Body i^l^n^ a-d nro 

x""i2r:nd^i4:^" iti^zvi ^vi ^if-^^i:^'"'"'" 

the static properties Ik/ J 

T)erc^.,^o-^°h!^' the center of gravity vas located at 
percent of the ceam forward of the step and 90 ^ercert 
the bear: aoove the keel. This position wa . .elected 
consideration of trim requirements in the ^laninfrf.ge 
r.sVect 'b:"^?^ ^^^i^^^^ findings of refoi-ence I In'^ ' 
•!''!!^".?^!''^!' ^^^""S ^ f^i^ average position as 
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found m actual flying boats 
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The forv;ard part of each foretody was a complete rep- 
resentation of the hull ^ that is, the turret and wind- 
shield were reproduced. The actual designs for these 
parts were used for the models of group A. For the models 
of groups B, C, D, and S an arbitrary design was used in 
which the windshield was located at the same distance 
ahove the "base line and at the same distance aft of the 
forepoint in all cases. The models in group I used the 
forehody of the XPB2M-1. 



G-roup A - Actual or Pro-posed Flying Boats 

The XPB2M-1 was included hecause, in addition to its 
"being a convenient parent, available flight experience 
with the actual flying "boat indicated that there v^as occa- 
sional difficulty with the spray "being throvin up onto the 
"boiv. The "JEM-1" model is one of several developed for 
the JEM-1. It has desira"ble resistance, porpoi sing arid 
yawing characteristics ard represents a considera"ble ef- 
fort toward developing satisfactory "bow lines for rough 
water at low speed. The XP33-1 was selected because it 
has an unusual bow and because it was reported to be quite 
satisfactory in waves at taxying speeds. The static prop- 
erties and the lines of these hulls are shown in figures 
1 and 2 and a photograph of the group is shown in figure 
15. The lines of the XPB2M-^1 are shown in figures 4 and 
14. 

Group B - Len,g:th-3eam Rati o 

The hull length v;as altered by applying a constant 
multiplier to the station spacing of the XPB2M-1 parent. 
On the afterbody the stations v/ere moved in or out along 
the afterbody keel and on the forebody along lines par- 
allel with the tangent to the forebody keel at the main 
step. Pour values of the length-beam ratio were inves- 
tigated. With the beam held constant, the hull length 
was altered according to the foll^^-wing values of hull-length- 
beam- ■' ratios: 5:07, 6.19 (the normal value for the 
XPB2M~l), 7.32, and 8.45. Increasing the length reduced, 
the curvature of the buttocks on the forebody. The step 
height and the afterbody keel angle were unaltered. The 
static properties and lines of these rr.odels are shown in 
figures 3, 4, 5. and 5 and a photograph of the group is 
shown in figure 17. 
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Group C - Hull Dead Rise 

The hull dead rise was altered ly multiplying the 
dead rise of each station ty the same constant. Three 
hulls^were included in this group with dead rise angles 
of 10 , 20 , and 30°, respectively, at the step. The 
keel .profile was unaltered but the chines were changed 
as necessary. The chine flare v/as increased or decreased 
in proportion to the dead rise. The static Tiro-oerties 
and the hull lines of this series of models are' shown in 
figures 7 end 8; a photograph of the ^roup is s>-own in 
figure 16. 

Group D - Fore'Dody Warping 

The forehody bottom was warped by leaving the sec- 
tion at the main step unchanged and varying the dead rice 
linearly from the step to the f orepoint . The profile and 
ohe chine plan form were unaltered. The use of linear 
dead rise variations throughout the whole length of the 
forebody produced rather flat bow sections. The deviation 
from tae parent model (XPBSM-l) v;as obtained by varying 

oSl^"^. ^^^^ linearly from the step in the ratios of 
10.8 /b length and 5.4°/b length. The static properties 
and trie hull lines of this series are shown in figures 9 
ana lo; figure 13 is a photograph of the models. 



Group E _ Bow Sections 

-he first forebody in this group, Model ilo 
referred to as "fuller" had the length of the normal fore- 
body but all the sections of the normal forebody were com- 
pressed into the forehalf, making the bow very blunt T^ae 
after half of this forebody had the uniform section of the 
Itl"" parent hull. The second forebodv of this 

tr./u- 7 ^ ^""^-^^ Change to the forward part of the fore- 
JaiLd Jni somewhat "finer. " " The chine was 

Ibout h'l? I t <ie«d rise increased from the forepoint to 
about halt a beam after the forepoint. The static Prop- 
erties and the hull lines are shown in fieures 11 and lo 
and a photograpn of the group is shown in-figure 19? 

Group 7 - Aft.erbody Angjji 

the fP^'^^^^^^^^- suggested for tests was that 

the stat.c flotation be changed. The simplest way to do 
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this is to ?hiit the center of gravity longitudinally. 
Howe\''er, iDecause in practice the center of gravity can- 
not l)e shifted materially without disturbing trim control 
in the planing range, it was decided that the test way to 
change the static flotation was to alter the afterhody 
angle. This was accomplished hy rotating the afterhody 
at the intersection of its keel with the main step, leav- 
ing the step height unchanged. The changes of angle 
would, of course, alter other characteristics such as 
hump resisbance "but would not seriously interfere with 
trim control on the planing range. Three values of after- 
tody angle were tested, 5^, 7^(normal for the XPB2i^-l), 
and 9^. The static properties and the hull lines of this 
series are shown in figures 13 and 14. 



APPARATUS AND T3ST PROCEDURS 



The model was mounted on an apparatus which allowed 
freedom in pitch and heave and provided restraint in roll 
and yaw. A complete description of this apparatus is 
given in reference 1. A calilDrated paddle, part of the 
regular equipment of the Experimental Towing Tank at 
Stevens, was used to make the waves, and the spray was 
photographed with special equipment. 

For making the photographic studies a 35- millimet or 
moving picture camera i^ras used in connection with a mul- 
tiple flash lamp developed "by 3Jr . Harold S. Edgerton of 
the Massachusetts Institute of Technology and loaned to 
Stevens Institute of Technology for the purpose of these 
experiments. The light worked on ordinary alternating 
current and flashed 60 times a second. The period of each 
flash was about 0.00005 second. Film was sent through the 
camera at constant speed v/ith the shutter removed. The 
exceedingly short flash time of the lamp insured stopping 
the motion of all spray particles even vrith moving film. 
The camera and light were mounted on an auxiliary carriage 
v/hich moved v/ith the model. 

The paddle used for making iv^aves v:as specially cal- 
ibrated Defore the inception of the tests. The waves 
generated by this paddle were smoother than those usually 
encountered in a seaway, corresponding quite closely to 
the conventional theoretical trochoid. The waves used 
never took the shape of "cusps" which are usually found 
in bays and harbors in combination with a stiff breeze. 
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t^hile It IS m the latter type of wave that flying toats 
^ften have to operate, it was considered more important 
to use waves which could be reproduced easily and accu- 
rately so that tests of different codels could he aade 
under controlled test conditions. The smooth and regular 
waves used in the test are frequently found in practice, 
however, so that it is perfectly proper to use them ITo 
attempt was made to reoroduco the wind that mi Hit be ex- 
pected to accompany the various wave sizes. 

w -rln^^ extensive tests were run on one model. Model 
ilo. 3u9-29, -which was thought at the start to have a poo 
bow from tne standpoint of low-speed bow svray, in order 
to decide upon tne most suitable speeds and x^ave condi^ 

Jhat%ir.^^' °^ series. It was found' 

that tne spray was more sensitive to the speed of the 
siodel than to the wave size and that the influence of the 
wave Slope was relatively unimportant The " t e s t s . 1 s o 
indicated that moderate pitching did not necessarii; in- 
fluence spray height. '=^n.ii±j 

^^\^"'fs concluded on the basis of these e :.'75l orat or v 
tests that one speed corresponding to 0^ = 1.05 (av^rox 
15 mph full-scale speed for the XPB2M-I) was sufficient 
Of fn t -yitical view of the behavior of t L wLL ei i ^ s 

OA 0 0%'"^"? r^^^- '^^^^ corresoondi^g to 

- 0.6, 0.8, and 1.0 were chosen as representing the 

effect °Jf'wav'"^°' practical interest. Inasmuch a^ the 
effect of wave slope had been shoT.n to be negli.-'ible all 
rltll :r20°°\';^?:^" with waves having a lenJthl'heUht 
relreeent^tl.. nf\: considered to be reasonably 

tice ?J:t %re l "T^' actually encountered in prkc- 
eiuai tn n% n I '^^^ °^ heights of wave 

of fult llllr ^"^e li-^ited reports 

woric wa/::LrtaL. '''''''' ^^^'^ available .-when the 

over 111 hurr/^ the -models which involved changes of 
valj;;f tTletr^min:^":^' considerably higher 

in terms of length maximum practical loading 

f^lm wa%'-ven'r^ T'"'*' °' '''' sufficient 

.ode/:L;:^::.^:/:^:::/^,-^::,:-lete cycles of the 

that, in eanpr-^i f v » v u • ^'^-^^^^^ ot tne iilm showed 

-jujxii 6^-nerai, the behavior of fh^r, r-^^^i 
cycles of one t^-iin of , =1^ ^^'-odel m successive 

t...xn of waves was remarlrably constant. 
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Prom each film one frame v;as selected which showed the 
spra7 at the vrorst point in the cycle. The selection of 
this one frame was by no means critical and any fraine 
vrithin ti^ro or three on either side of the selected frame 
could have "been chosen without materially affecting the 
re suit s . 



RESULTS AlID DISCUSSION 
Presentation of Data 



ITondimensional coefficients based on Froude's law 
were used to present the results of the tests. The non- 
dimen 3: onal coefficients and ratios used throughout this 
report are defined as follows; 





load coefficient 


(A/wb^^) 




4 

t r inmi ng-moment coefficient (M/wb ) 




speed coefficient 


(v/7Vo) 


°d 


draft coefficient 


(d/b) 


L/B 


length^beam ratio 




L/H 


wave 1 e ngt h- h e i gh t 


rat i 0 


A 


load on water, poii 


nds 


b 


beam at step, feet 


(used interchangeably v/ith B) 


w 


specific weight of 


v;ater, pounds per cubic foot (62 



for these tests usually taken as 64.0'for sea 
wat er ) 



M trimming moment above the center of gravity, pound- 
feet 

V speed,- feet per second 

g acceleration of gravity (32.2 ft/sec^) 

L over-all length, distance from forepoint to stern- 
post, feet (associated with 3) 

d draft at step, feet 
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H wave height, vertical distance from trough to crest, 
feet . 

li wave length, distance fron crest to crest, feet 
(associated v'ith h ) 

_ '^'^^e most significant results of the tests are shown 
m figures 20 and 21. In carrying out the tests with 
tnree wave heights ss well as in sraooth water, it was 
found tnat the spray tended to increase with wave size 
-or this reason only the results of the tests conducted 
m waves with a height of 0.3 beam are included in this 
report . 

Figure_ 20 presents e photographic study of the effect 
01 changes m hull form on how-spray characteristics. In 
this xigure each column shows all the results for one 
xaodel. At the top of each column is a direct head-on 
photograph of the model. Inasmuch as all the models were 
constructed with the same beam width and all the T^hot o.-^rams 
were taken with the same camera at the same dista^ace fr^m 

^er.l°^'w ^^^^PP^T^^^^ differences in si.e are caused bv 
pers^oective and indicate the relative "fullness" of t^e 
how m each case. The pictures of the entire forebodv 
were also taken under the same conditions and the ax.^krent 
ctxfferences again indicate the relative fuHness Ty ^ 
lower three photographs show the spray for each of th^ 
three values of C^. The phot ographs ' ar e arranged in\he 

of^e^ch'of'tf ^^^^^^ ^ ^tudy of the effects 

01 e..ch of vhe six variables tested. The lar^e differences 
t?a characteristics of the various models i^di'cate 

chfic: irh^irror:!'''''''' "^-^^ aHeviated by proper 

It is also to be noted in figure 20 that a redu'-ticr 
l^r:r^lat''^^r:-''' f reduction Of t^'tiilT 

howeJe; .J ^^'^"^ °^ '^^^ '-^^'-y ^'^'-^ manner, 

hu^l fo^. /'^""^^ effective as small changes i.; 

that ver-lllt.;^:^ HI'' '\^'^onl6. be further noted 
to over^-'-ie ;?le^t J capacity of a flying boat 

sat°o?^^'; ^^^-^e-su bow spray should net be considered a 

be ; wTtrn""' '° ^"^'^^"^ ^"'^ ^-^^ ccn^Jdctrad at 

sprly c-'irL-ev?:?-'"^ expedient for overcoming adverse bow_. 
spray c-arac. ei . s t x c s encountered by existing flying boats. 

s'^r^el^'^VfJ^ presents the results of n.e tosts on the 
wMcrtie 5°^^.°^'^'^-^ differing in length-beam ratio in 
unt\u m:d:rfa:r = ^- — d m each case 
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Considering both figures 20 and 21, and neglecting 
the effect of change of the wat er-"bor ne load for reasons 
previously mentioned, it appears that the principal effect 
on the "bov; spray of the variables studied may be put into 
three groups; the effect of forebody length, the effect of 
sharpness of the bo^'r, and the effect of changes of static 
t r im . 

Effect of ?crebody Length 

The tests with altered forebody length were actually 
made vrith models in v;hich both the forebody and the after- 
body length were altered in the same proportion. This was 
done to avoid alterations in static trim due to changes in 
the relative bouyancy of the two parts. 

It is evident from the results that the bow spray is 
greatly reduced by lengthening the hull. The beneficial 
effect of decreasing the values of C^, without altering 
the hull length, is also evident. So far as load per 
length is concerned, an increase in hull length vrithout a 
corresponding increase in is equivalent to a reduc- 

tion of loading without an increase in hull length. It 
will be seen from figure 21, however, that the maximum 
practicable loading, or the load for equivalent bow spray, 
increases much more rapidly tlian in direct proportion to 
the increase in length and that the beneficial results ob- 
tained from increasing the forebody are therefore greater 
than can be accounted for by reduction of loading per unit 
length of hull. This point is well illustrated by compar- 
ing the photos in figure 21 for L/3 = 5.0?, = 0,60, 

and L/B = 8.45, Ca = 1.00, where ^ ^ i^e? and ■ 

5.07 

^ = 1.67. Under theae conditions the load per unit 
0. 60 

length is identical for the two hulls but the spray char- 
acteristics are much better for the longer hull. The 
probable explanation of the extra benefit lies in the re- 
duced curvature of buttocks lines v;hich softens the impact 
between the hull and the waves and reduces "suction eff^^ct 

Effect of Sharpness of Bow 

The sharpness of the bow is, admittedly, a very vague 
and uncertain description of hull form. The term is sug- 
gested chiefly by the very excellent behavior of Models 
ITos. 401-1 and 441-1 (XrBB-l), both of which have very 
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large angles of dead rise ne^r the "bow and sharT) entrance 
angles of the water planes, "but th-:^ term is constrner) to 
include pIso the effect on the "bow of warping of the fore- 
hodj'" "bottom Pijid. changing of the hull dead rise as a whole. 

The lines of the two models previously mentioned 
differ in that Model Ho. UUl has a lot of chine flare; 
whereas Model He. ^01 has very little* The effect of this 
difference does not seem to "be reflected in the "behaviour 
of the two models, and there is nothing in the t^sts of 
the other models which throws p.dditional light on the ef- 
fect of chine flare. 

Models Hos. ^17'--9 -^nd 339-'^7 hoth have '^sharp^^r'^ 
hows than the p-^-./ent >..?B?M-1 a/ia "both have lower ho'-i s"oray. 
Models Hos. 335-^^3 a^.^l UOO-I hc^h have "bov^s that are not 
as "s.aarp^' as the pa/ ant /x'I32M-]. and in hoth ca.ses the 
spray is higher. This is particularly true of Mod^-1 No. 
339-18, Model Ho. 3')$*"^i ^-^2 "bow sections quite similar 
to the parent and the spray is much the s-me. 

One exception to this trend is noted in the spr?^y 
height of Model ijo* 339-39 • Tliis model was derived in 
the same mainer as Model Ho. 339'^^'^1» Although the "bow 
of this model was not as "sharp'' as that of the parent, 
the s'rray v/as lover. The range of the tests was such 
that no satisfactory explanation of this rev^^rs^l of 
trend was forthcoming. 



Effect of Changes of Static Trim 

Basically, there are three m.ethods of altering the 
static tri:'^; I'jv application of an ext ^rral moment to the 
hull "by shifting the center of gravity ( a er od?-^n^^ mi c and 
thrust moments to^^ether will ordinarily have little effect 
on trim at low speeds), "by altering the hruy^nt Dower of 
the ftfteihody ^lone, or "by altering the "bouyant power of 
the for ehcdy alone. 

Shifting of the center of gravity is very likely, 
however, to have undesirable effect on the available trim 
control at planing speeds. In practice the center of 
gravity has to "be selected so as to give -'^ n available 
trim track which does not pass through a r^^ior of porrois- 
ing. Therefore it does not apne^r logical to shift the 
center of gravity to improve the bow -spray ch-'^ract^ri^tics 
at the expense of the planing characteristics. 



^he second method of altering the static triir is 
irost '^asily accomplished l)y altering the afterhody an^-le. 
If, v/ith an altered afterhody an^le, the position of the 
center of gravity is unaltered, then the availaol^- trim 
tracks at planing speeds also will "be largely unaltered 
rela'jive to the porpoising limits. Altering the afterhody 
angle, however, usually alters the huinr resistance and the 
porpoising* char ac t er 1 ^ c i c s et speeds in the vicinity of 
the h--imp, Thus : ^Itex-ing the afterbody a-^rle is like pI- 
terin^ the position cf the center of gravity in that any 
improvement effected at low spr^eds is ?^pt to "be at the 
exDense of the ocher characteristics. It is, however, 
much less undesirahle in this respect, and w^s accordingly 
adopted for the present tests. The effect of changing the 
static trim hy altering the after'body angle is shown in 
the first and last t./o columns of fij.^:ure 20. Increasing 
the static trim in this way makes a sma.ll hut noticeable 
improvement in the sj^ray characteristics. It. does not 
make nearly as large improvements as can he produced hy 
altering the hull form, particularly the how ^-ction. 

The third method of altering the static t-rim, hy 
altering the "buoyant pow=^r of the forebody alone and kee-n- 
in"- the afterbody an.^ls constant, may he accomx)li shed both 
by altering the dead rise and the "fineness" of the how 
sections. Increasing either o:^ these decreases the buoy- 
ancy of the forehody and c onse^^uently reduces the trim 
angle. Both of thess chancres iT'T)rove the spray character- 
istics, however, and therefore more than offset ^ny dele- 
terious effect of decreasing the trim, as such. 

The conclusion that an increas-^^ of trim anrle does 
not necess^^rily result in reduced spray, and vice versa, 
is confirmed by the fact that Model No. 339-18 h^d ,iust 
about the highest st^^ic trim of any of thf. models tested 
and also had the worst spray characteristics. On the 
other hand, the spray height can Drobably be decreased 
with any given how form by increasing the static trim., at 
least when the form under consideration has reasonably 
bad spray characteristics. 

General Discussion 

The really marked benefits observed in reduction of 
bow spray in these tests are all due to changes in the hiill 
form, rather than to changes of load or trim, and T)artic- 
•ularly to changes in the forehody, especially the forward 
quarter or less of the forehody. The importance of the 
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"bow s'^ctions of the fore"^ody can "be most readil.y seen 
from the results obtained with Model No. 339'"^7, which 
had only a few inches of the bow changed and showed a 
considerable improvement over its parent, Model No. 339-1- 
The concerition that the forward part rf the forebody is 
all that has to be considered in designing a hull for 
good perform.ance in rough v/ater at low speeds is a -^ery 
useful one. Development work may -proceed on the other 
hydrodynamic characteristics of the rear half of the 
forebody without oaying any "oarticular attention to the 
bow section, or vice versa. Tests conducted at Stevens 
Institute of Technology for the National Advisory Committee 
for Aeronautics have showri that the first two beam lengths 
or so of the forebody ahead of the m.ain step ^ppe^^^r to con- 
trol the hump resistance and the high-speed lov;er-limit 
porpoising charac t ~r i s t i cs of a hull. It ^pniears, there- 
fore, that the forehody m^-^y he divided into two halves 
from the design standpoint. The forward half can be de- 
signed from the -ooint of view of the low-s^eed rough- 
water characteristics primarily, and the after half of 
the forebody from the Doint of view of the humr; resistance 
^^nd lower-limit por-ooising characteristics. Tn designing 
the forward part of the forebody to reduce sT)ray at the 
windshield, care should be taken to select a form which 
will give easy entry into v;aveg encountered head-on. 

There is very good qualitative agreement between the 
tests here reported and available full-scale data. For 
instance, Model No. UUl-1, v/hich represents the XP33-1, 
shows up very well; while no exact information is at hand 
regarding the flying boat, it was rerorted to be quite 
satisfactory in waves at taxying spe-'^ds. Model No. 339-l» 
which represents the XPB2M-1, is not entirely satisfactory 
and water som.etimes gets onto the model windshield under 
certain condit'ions; full-sc^le experience b'^ars out this 
indication. These two specific examples indicate that 
confidence may be placed in the present t^st results, 
since the model tests are in agreement with full scale 
both in an instance of satisfactory bow-spray characteris- 
tics and in an instance of unsatisfactory bow-spr.=^y char- 
acteristics. 



CONCLUSIONS 



1. The t^sts indicate that the height and the volume 
of spray at the windshield may be reduced by: 
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a) Increasing the hull length. It seems clear 
that when this is done the change in the 
forehodv length is much more important than 
the change in the afterbody length. Increas- 
ing the fore'Dody length reduces the draft and 
straightens the "buttocks. 

h) Increasing the isharpness of the tov/ lines helov/ 
the chine, with or v^ithout "oronounced chine 
flare. This may be accomplished by increas- 
ing the dead rise angles in the vicinity of 
the bov;- or by sharpening the v/ater lines. 
P'Oth changes easa the entry of the bow into 
the wave s . 

c) Increasing the static trim angle v;hen the bow 

form is such that relatively bad spray other- 
wise occurs. By raising the bow the point of 
imppct is moved somcv/hat, and at the same 
time the force of the impact v/ith the oncom- 
ing waves is reduced, 

d) Decreasing the st?\tic 0^, which has effects 

similar to those noted under (c) above. 

2. The largest benefits observed are all due to 
changes of the forobody form and especially to the forward 
part of the forebody. This is particularly important in 
that it appears that satisfactory bo>/4-spray characteristics 
may be obtained without compromising the planing character- 
istics. ^Further, in general, any change v.^hich softens the 
impact betvreon hull and- waves tends to reduce the spray 
throv;n onto the vrindshield at low speeds. 

Sxperimental Towing Tank, 

Stevens Institute of Technology, 
Ecboken, 11. J., August 1945. 
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NACA 



STATIC PR0PERTI3S 



Pig. 1 



ACTUAL AIEFLAKTES 

n Q = 0-35 b fwd of Step 
' ~ 0.90 b above Keel 



Model No. Airplane 



339-1 
417-29 
441-1 



XPB2M-1 ■ 
JEM-1 
XPBB-1 ■ 




0.20 



0.40 0.60 0.80 

Load coefficie/it, C^ 
Figure 1.- 



1.00 



NACA 



F ig. 2 





STATIC PROPERTIES 

CHANGES OF HULL 
length/ BEAM RATIO 



C.G.= 



0.35 Id fwd of Step 



0.90 b above Keel 

Model No. l/b 

339-22 5.07 

339-1 6.19 



0.20 



0.40 



0.60 0.80 
Load coefficient, C^ 
Figure 3.- 



1.00 



1.20 



1.40 



NACA 



Fig. 4 




"1 — n — \ n 1 p- 

FP. 070 184 i32 5.28 7 24 9 21 

INS AFT OF F. P 




INS AFT or FP 

Figure 4. 



W - 7 / 




O 



static properties 

chmqes of hull 
length/beam ratio 



_0.35 b fwd of Step 
'0-90 "b above Keel 



Model IvFo. L/b 



339-1 

339-23 

339-46 



6.19 

7.32 

8.45 — -^■ 



0.20 



0.40 



0.60 0.80 
Load coefficient, 
Figure 5.- 



1.00 



1.20 



1.40 



NACA 



Fig, 6 




"B 165 2 84 496 7B0 10 64 

INS. AFT OF F P 



THE LINES OF THE PARENT, MODEL IViO. 339-1, ON BOTTOM OF FIG. 4 



I. 




Figure 6. 



^ - 7/ 















Cm=0 


— ^ 




































loo 


























^200 


























^300 




































Trim^ 


































. - ^ ' 










































- - • 


_ , - - ' 
























— - 


























































i 















Load coefficient, 
Figure 



STATIC PROPERTIES 

CHA-WaES OP HULL 
DFADRISE 



C.G.= 



0.35 b fwd of Step 
0.90 b above Keel 

Model No. Deadrise 



400- 1 
339-1 

401- 1 



10°--- 

200 

30O — 



NACA 



Fig. 8 




THE LINES OF MODEL NO 339-1 (20" DEADRlSR) ARE ON FIS. 14 




Figure 8. 















%=0 


















































1 


L.?o7l 













































































































1 




















.0 deg 








1.7^/^ 























































































Load coefficient, 
Figure 9.- 



STATIC PROPERTIES 

CHANGES OF FORSBODY 
WARPINO 



, ^0.35 b fwd of Step 
0,90 b above Keel 



Model No. 



339-1 

33S-39 

339-41 



Deadrise Increase 
FWD, o/beam 

1.7o/-b 



5.40/b 

10.8o/b - 



^0 



NACA 



Fig. 10 





INS. AFT OF F.P. 

Figure 10. 



W> - 7/ 

















Cm=0 






. ... / 












































■■ ~ ^ 


■ ' - - - 


- - — - 


- - - - 




^iormal 
Finer 




























































































rrirn=2 


.0 deg 










Finei 
fforraal 


























Fuller 












^^^^ 







































































0 



STATIC PROPERTIES 

CHAITaES OF FORSBODY 
BOW SECTIONS 



^0.35 b fwd of Step 
0.90 Id above Keel 



Model No. Sections 



339-47 Finer - 

339-1 Normal 

339-18 F^aller — 



0.^0 



0.40 0.60 0.80 

Load coefficient, C/^^ 
Figure 11.- 



1.00 



1.20 



cm 



NACA 



Fig. 12 





Figure IE 



QO.IO 















Cm=0 






























— 


— - 






— ^90 


























— ^70 
























































































Trim=c 


.0 deg 


























^ . 































































































Load coefficient 
Figure 13.- 



STATIC PROPERTIES 

CHMGES OE APTERBODY 
ANGLE 



0.35 b fwd of Step 
0.90 "b above Keel 



Model No, Angle 



339-29 

339-1 

339-48 



5.00 

7.00- 

9.0^- 



NACA 



Fig. M 




THE CHANGE IN AFTERBODY ANGLES RESULTING IN MODELS 
NOS. 339-29 AND 339-48 WAS ACCOMPLISHED BY ROTATING THE 
EXISTING AFTERBODY OF MODEL NO. 339-1 ABOUT THE STEP 



Figure 14. 



NAOA 



Pies. IS. 1$ 




ACTUAL AIRPLANES Figure 15. 




HULL DEADRISE Figure 16. 




Fig. 1? 



I 

z 

IaJ 



1 



NACA 



Figs. 18, 19 




BOW SECTIONS Figure 19. 



EFFECT OF CHANGES OF 

H= 0.3 beam 




339-39 339-41 




^ 5.4Vb 10.87b 
oiO'Mr*! WARPED FOREBODY 



HULL FORM 

L=6.0 beam 




10" 30° 
HULL DEADRISE 




339-18 339-47 




fuller finer 

Yd^\)~oo^^2^ bow sections 



Fig. 20 




5** 9* 
AFTERBODY ANGLE 



Changes of Load and Length-E 



H= 0.3 beam 



L=6,0 bear 




2.00 



2.20 



2.40 



2.60 





MODEL TESTED 
BUT 
SANK 



NOT 
TESTED 





NOT 
TESTED 





NACA 




Figure 20, 
Cv=l.05 




339-23 339-46 




NACA 



C^=0.60 0.80 1.00 



L/B 

MODEL 



L/B 



L/B 



L/B 




Figure 21, Effect of 
Cv=L05 



1.20 1.40 1.60 1.80 




NOT TESTED 



